Our generation is experiencing the greatest demographic transition and Africa is at the center of it. There is mounting concern over corresponding rising unemployment and depleting per capita income. We examine the issues in this paper from a long-run perspective by assessing the relationships among population growth and a plethora of investment dynamics: public, private, foreign and domestic investments. Using asymmetric panels from 38 countries with data spanning from 1977 to 2007, our findings reveal a long-run positive causal linkage from population growth to only public investment. But for domestic investment, permanent fluctuations in human capital affect permanent changes in other forms of investments.
Introduction
The emergence of Africa in the world as one of the continents with the highest demographic growth rate with a population projected to double by 2036 and represent 20% of the world by 2050 (UN Worlds Population Prospects, 2009), presents an important geoeconomic concern to policy-makers, researchers and social scientists. The issue is even more crucial with rising unemployment rate and soaring economic emigration (Tom, 2006; Asongu, 2012ab) . This has reignited renewed interest in the problem of long-run investment opportunities. The continuous expansion of demography raises important policy questions 2 , especially on the exhaustion of investment opportunities needed to accommodate rising unemployment owing to population surge (Seya 1989 3 ; Adu-Nyako & Lele, 1991 4 ; Shields et al., 2010) . Socioeconomic unrests that have marked the African geopolitical landscape in recent years have been largely due to high unemployment rates (Sakbani, 2011; Mohammad, 2011) . Economists in effect may no longer be thinking about the outer limits of capital accumulation and demand-side advantages of population growth. The unparalleled projection of population growth, coupled with the substantially documented investment needs of the African continent 5 raise important policy questions about the sources of future investment opportunities that would manage unemployment.
Beside the interesting policy relevance of this topic, in light of above facts and recent geopolitical climate in Africa, economists have learned to take awkward questions of Laymen in the street seriously: "What is it about additional people that make them a stimulus to investment? On what sort of investments shall our children depend-on for future 2 A substantial bulk of African development literature has been consistent on the need for policies that target the management of population growth (Vaidyanathan, 1992; Meekers & van de Walk, 1992; Desai, 1992; Eshete, 1992; Hansen, 1992; Beghin, & Severyns, 1992; Johnston, 1992; Touré, 1992; Ohadike, 1992) . 3 Seya (1989, p.1) had advocated that, unchecked population growth may lead to serious social and economic burdens in developing countries in general and Africa in particular. 4 Effectively dealing with population growth is one of the three priorities for an integrated strategy of poverty alleviation in Africa (p.1). 5 Many recent studies in the African business literature have focused on factors determining investment (Rolfe & Woodward, 2004; Alagidede, 2008; Bartels et al., 2009; Tuomi , 2011; Kolstad & Wiig, 2011; Darley, 2012; Asongu, 2012c) .
employment? Shall the government cope with the rising population?" These idle questions have recently exerted a substantial weight on the world's geopolitical and politico-economic landscapes 6 .
In raising the issue of long-run employment opportunities, this paper has a twofold contribution to the African development literature. Firstly, the long-term focus of the analysis adequately calibrates the projected demographic issue in the distant future. Secondly, by assessing the connections between demographic changes and investment dynamics, we are able to provide the investment trends that policy makers need to focus-on to tackle potential long-term unemployment 7 . The distinction between public, private, foreign and domestic investment dynamics in the analysis addresses important questions on government (public versus private investment) and openness (foreign versus domestic investment) policies. The rest of the paper is organized as follows. Section 2 examines the literature on linkages among population growth, investment and economic growth. Data and methodology are discussed and presented respectively in Section 3. Empirical analysis is covered in Section 4. Section 5 concludes. African countries, including , Cameroon, Senegal, Ethiopia, Burkina Faso, Mozambique, Mauritania and Guinea. In Latin America, violent (Asongu, 2012d) . 7 It is an established consensus that, the three main things Africa needs are investment, investment and investment (Dangote Group, 2008; IMF Survey, 2009 Therefore, the concern of knowing how this soaring population could be accomondated without bitter economic implications is quite paramount. In an attempt to find a solution to this growing concern, many analysts (directly or indirectly) are in support of the thesis that African needs other forms of investments owing to the failed privatization projects (Rolfe & Woodward, 2004; Alagidede, 2008; Bartels et al., 2009; Tuomi , 2011; Kolstad & Wiig, 2011; Darley, 2012; Asongu, 2012c we should expect foreign and private investments to increase with population growth at the expense of public investment.
"The premises of the Arab Spring and hitherto unanswered questions about some of its dynamics could be traced to poverty; owing to unemployment and rising food prices. "We will take to the streets in demonstrations or we will steal," a 30-year old Egyptian woman in 2008 vented her anger as she stood outside a bakery. Riots and demonstrations linked to soaring consumer prices took place in over 30 countries between 2007-08. The Middle East encountered food riots in Egypt, Jordan, Morocco and Yemen. In Ivory Coast, thousands marched to the home of President then Laurent Gbagbo chanting: "you are going to kill us"," we are hungry", "life is too expensive" …etc. Similar demonstrations followed in many other
A strand of current issues in African business has focused on the need to improve Africa's share of foreign direct investment (FDI). Rolfe & Woodward (2004) have examined the Zambian experience of attracting foreign investment through privatization. Findings have shown that, despite increased foreign-investment during the 1990s, the economy has stagnated. They conclude that, having sold-off its state assets, Zambia (like other sub-Saharan African (SSA)) countries must endeavor to attract investment through other channels. Much recently, Bartels et al. (2009) have assessed the reason SSA's FDI share has persistently averaged 1% of global flows and concluded that, FDI 'location decision' in SSA is influenced strongly by policy issues 10 . As a broad extension of this analysis, using microdata and firm interviews to explore the role of FDI drivers in South Africa, Tuomi (2011) has used a micro level analysis (which enables specification of the investment climate constraints) and has also found the impediments to investment to be centered around wrong-policy. A stance further confirmed by Kolstad & Wiig (2011) and Darley (2012) in their investigations of Chinese FDI in Africa and how to increase SSA's share of FDI respectively. Two insights relevant to the context of this paper could be drawn from the above literature: (1) the need for alternative 8 The peril of foreign aid has been confirmed in recent African institutional (Asongu, 2012ef) and development (Asongu, 2012g) 
Population growth, human capital investments and investment opportunities
This section will be discussed in three strands: the first analyzes the debate on the linkages among population growth, human capital and investment opportunities; the second examines the relationship between population growth and investment opportunities and; the third assesses the debate on linkages between population growth and economic development.
In the first strand, it is essential to investigate how the soaring population will be accommodated by future investment dynamics because among the striking regularities, it is evident in aggregate cross-country data (whether examined cross-sectionally or over-time)
that, there are inverse associations between fertility rates and 'per capita incomes, indicators of human capital, schooling levels and survival rates'. As a general rule, high-income countries have been (and are) characterized by low fertility and high-levels of human capital (Rosenzweig, 1990) . Indeed, those countries that have experienced high rates of per capita income growth have also experienced relatively rapid declines in fertility and increases in human capital levels 11 . Hence, it could be inferred that, declines in fertility and increases in human capital levels accompany economic development. Such aggregate linkages by themselves do not reveal very much about the determinants of economic growth and human capital investments. In fact, it has frequently been stated that the declining rate of population growth was one of the major contributing causes for the failure of the American economy to recover fully from depression in the 1930s (Rosenson, 1942) . It is probably factual that, in a 11 It is widely believed that, as income grows, families tend to prefer the quality of children to their quantity. Borrowing from Hasan (2010) , per capita growth in China tends to lower population growth. He quotes the Becker hypothesis in supporting his findings: "…as per capita income increases, families turn to prefer quality over quantity of children. The resultant increase in the cost of bearing and rearing children would induce smaller family size and lead to decline in fertility" (page 360). Another explanation to this phenomenon could be seen from Pommeret & Smith (2005) who conclude that, growth rates are negatively correlated with birth rates due to production volatility. Thus with development, productivity volatility affects the growth rate of an economy by altering both saving decisions and decisions to have children.
boom period of rapid expansion and increasing population, a sudden decrease in the rate of population growth would tend to make investors more cautious. Indeed, increasing rate of population growth might influence investors to be pessimistically inclined to feel that, such an increase will cause more absolute unemployment and economic hardship in a country, so that investment prospects are less profitable. On the other hand, with an increasing rate of population, expectations of entrepreneurs change so that they turn to believe certain investments to be profitable. As investors increase their optimism, investment and unemployment increases and decreases respectively.
There are several ways in which population growth might influence investment in the second strand (Sweezy, 1940) : (1) through its effect on the propensity to consume; (2) through its effect on the competition of aggregate consumer demand; (3) by means of supply of labour and; (4) as an essential part of a certain broader phenomenon which in turn vitally affects investment. Firstly, a population containing a high proportion of dependents may be expected to have a relatively high propensity to consume. To a considerable extent, this factor cuts both ways (so far as population is concerned). Whereas a rapidly growing population has a high proportion of children, a stationary population has a high proportion of people beyond working age. However, from sociological and political standpoints, the two situations differ considerably. Undoubtedly, a high proportion of dependent in the older age group presents much more a problem for the public than a high proportion of children. Moreover, during the transition period from rapid growth to complete stability, the population goes through a point where the combined proportion of dependents is at a minimum. Secondly, the effect of population growth on the composition of total consumer demand is important for investment opportunity. In fact, a growing population of necessity directs a relatively large proportion of its expenditure towards commodities which require relatively heavy capital outlays for their production. Thirdly, so far we have been considering the effect of population growth on the demand for commodities and therefore, indirectly on the outlets for investment seeking funds.
More direct is the effect of population growth on the labour supply. Indeed, this is the aspect of the concern that has interested classical economists and the usual treatment stems directly from their work. Fourthly, the above points have been asking what the effects of population growth on investment and employment would be. From a wider perspective, the link between population growth and investment is an essential part of a certain broader phenomenon. It is scarcely possible to conceive this linkage as occurring in isolation because; they are intimately bound with other factors (like technological change and progress in health care).
The third strand on linkages between population growth and economic development has been an issue of much heated debate. While some proponents view positive demographic change as an instigator of long-run growth, others express ambivalence over this relationship.
The contribution of population growth to economic development has been addressed in many studies. Azomahou & Mishra (2008) in revisiting the impact of age dynamics on economic growth through age-structured population for OECD 12 and non OECD countries have shown that (between 1960 and 2000) , said economies grew mostly due to the stock of human capital.
In comparative terms, findings reveal non OECD countries are likely to enjoy higher growth than their OECD counterparts. Moreso, the age-dynamics side of the study reinforces the consensus that, age-structured population especially the work force is important in explaining differences in growth between OECD and non OECD countries. Much earlier, Hondroyiannis & Papapetrou (2005) , in a study on the relationship between fertility and output in eight European countries (using panel cointegration analysis) had established that, in the long-run (based on data from 1960 through 1998) increase in output per capita would be associated with higher fertility. This confirms the thesis of proponents who acknowledge that, the current low fertility rate in Europe is having a toll on European economic growth. Contrary to this 12 OECD: Organization for Economic Co-operation and Development.
well established positive link between birth rate and growth rate, the concern as to why many poor countries with high birth rates reflect low growth rates remains puzzling and has been explained through classical and modern theories. Malthusian and neo-Malthusian theories explain the relation between population growth and economic development through depletion of per capita income. This is the direct consequence of population growth increasing faster than GDP growth.
Data and Econometric methodology

Data
We examine a sample of 38 African countries with data from African Development another. The inclusion of physical capital (or fixed capital formation) in the analysis has a twofold justification: firstly, it serves as a control variable for robustness checks (in the verification of the 'capital led investment' nexus) and; secondly, it is in line with the mainstream aggregate production investment specification 14 .
Methodology
The estimation strategy typically follows mainstream literature on testing the effects of monetary policy variables on output and prices (Starr, 2005; Nogueira, 2009 ). The technique involves units root and cointegration tests that assess the stationarity properties and long-term relationships (equilibriums) respectively. In these investigations, the Vector Error Correction
Model (VECM) is applied for long-run effects while simple Granger causality is used for short-term effects. Whereas application of the former model requires that the variables exhibit unit roots in levels (and have a long-run relationship (cointegration)), the latter is applied on the condition that variables do not exhibit unit roots (or are stationary).
Causality estimations
Based on the Engle-Granger (1987) methodology, short-run estimations and long-run estimators will be derived by simple Granger causality and Vector Error Correction (VEC) models respectively.
14 Starting with the aggregate investment production function:
where I is the investment variable, A is total factor productivity, K is capital stock, and W is the labour composite, which is determined by the rate of population growth . We can re-write Eq. A in the natural log form in per capita terms as:
In the investment production function, physical capital is measured by gross fixed capital formation and human capital by population growth rate. To take account of the panel nature of our study, we can hence re-reformulate Eq. B in per capita form for country i at time t as:
There are several channels through which human capital could improve investment. An investor would consider the cost of labour as a production factor before a decision to invest in a given region. The cost of labour is determined by its availability. From common sense and to some extend economic theory (demand and supply), countries with high growth rates in working force would 'ceteris paribus' have low working wage. It follows that, growth in work force should lead to cheaper labour cost, more investment and consequently higher economic growth. Thus, as hypothetically specified in Eq. (A), there is a positive relationship between stated productivity factors and investment types. This theoretical lay-out is synonymous to the positive dependence of aggregate production (GDP) on mentioned productivity factors and is supported empirically by many an author (Azomahou & Mishra, 2008; Hondroyiannis & Papapetrou, 2005) . Concerning short-run effects, we don't expect results to be significant because, we hypothetically assume population growth should impact investment dynamics only in the long-term.
Short run estimations
Let us consider a basic bivariate finite-order vector autoregression (VAR) model. As shown in Eqs. (1) and (2) Granger causality model is applied on variables that are stationary (in levels for the most part), within the framework of this study, we are applying this test to all 'investment and capital' pairs in 'first difference' equations for three reasons: (1) ensure comparability; (2) consistency with application of the model to stationary variables and; (3) robustness checks in case we might have missed-out something in the unit root test specifications.
In light of the above, the resulting VAR models in first difference are the following:
The null hypothesis of Eq. (2) 
Long run estimators
For long-run causality, let us consider foreign direct investment (FDI), physical capital (k), and human capital (w), with no lagged differences, such that:
Resulting VECMs are the following:
Eqs. (5) and (6) reflect short-term adjustments to the cointegration relation of Eq. (3) while Eqs. (7) and (8) mirror the adjustments to Eq. (4). The right hand terms are the 'error correction terms' (ECTs). At equilibrium, the value of this term is zero. When the ECT is non-zero, it implies FDI and 'k' or 'w' have deviated from the long-run equilibrium. Hence, the ECT helps each variable to adjust and partially restore the equation relation. The speeds of these adjustments are measured by α and α' for FDI and physical capital respectively (Eqs. 5 and 6). We shall replicate the same models (3 and 4) for the other investment types. The same deterministic trend assumptions used for cointegration tests will be applied and goodness of fit in model specification will be based on the AIC 16 (Liew, 2004) .
Derivation of integrated variables from country-specific unit root tests
Country-specific unit root tests
In order to use the cointegration theory, we first test for stationarity properties at country levels. In doing so, we correct for serial correlations using the standard Augmented 17 Dickey & Fuller (1979) . 
Derivation of first orderly integrated variables and asymmetric panels
Based on the country-specific unit root tests results, the choice of countries (in bold in Tables 1-2 ) that will constitute asymmetric investment panels is guided by the following criteria:
-both factor productivity variables (human and physical capital) must exhibit unit root in level series and be first orderly integrated (first differenced stationarity);
-at least one investment proxy must also be non stationary in level series and stationary in first differenced series.
In light of the above, the following asymmetric panels presented in Table 3 below are derived. 
Panel unit root tests
For every 'investment dynamic and productivity factor' pair, we assess evidence of stationarity using two types of first generational panel unit root tests. Like in the countryspecific unit root tests, when the variables exhibit unit roots in levels, we proceed to test for stationarity in their first differences. Employment of the VECM requires that the variables have a unit root (or are non stationary) in level series. There are two main types of panel unit root tests: first generational (that supposes cross-sectional independence) and the second generational (based on cross-sectional dependence). A precondition for the use of the latter generational test is a cross-sectional dependence test which is applicable only if the number of cross-sections (N) in the panel is greater than the number of periods in the cross-sections (T).
Given that we have 31 periods (T) and less than 11 cross-sections (N), we are compelled to focus on the first generational type. Accordingly First difference c -2.364*** -13.551*** -10.768*** -12.635*** -8.524*** -11.654*** ct -1.752** -14.724*** -9.114*** -11.866*** -13.646*** -10.826*** Number of cross sections involved are nine :Ivory Coast, Congo Republic, Ghana, Malawi, South Africa, Sudan, Swaziland, Tunisia and Zambia *, **, *** denote significance at 10%, 5% and 1% respectively. Maximum lag is 3 and optimal lags are chosen via HQC for LLC test and AIC for IPS test. 'c' and 'ct': 'constant' and 'constant and trend' respectively. Invt: Investment. GDI: Gross Domestic Investment. LLC: Levin, Lin & Chu (2002) . IPS: Im, Pesaran & Shin (2003) .
From Table 4 above, it could be observed that, but for factor-domestic investment (Panel D) which significantly has variables void of unit root in level series (with GDI significant under both deterministic assumptions), the other three factor-investment variable-panels are first orderly integrated. According to the Engle & Granger (1987) theorem, when variables are integrated, a linear combination among them could be stationary (cointegration).
Panel cointegration tests
According to the cointegration theory, two or more variables that exhibit unit root in levels may have a linear combination in a long-run (or equilibrium). In other words, we examine whether permanent long-run movements of factor productivity indicators affect permanent long-run investment dynamics. To achieve this, we examine the presence of cointegration among integrated variables with the Engle-Granger based Pedroni and Kao tests. Borrowing from Camarero & Tamarit (2002) , the advantage of applying these two tests is that, while the former (Pedroni, 1999 ) is heterogeneous, the latter (Kao, 1999 ) is homogenous-based. Implementation of both tests is compatible with our earlier application of both homogenous (LLC) and heterogeneous (IPS) panel unit root tests. The same deterministic trend components used in integration tests are applied. Contrary to mainstream literature in which cointegration relations are based on multivariate statistics (Gries et al., 2009) , to avoid misspecifications in causality estimations, we present both trivariate and bivariates tests but base our decisions on the latter. Optimal lag selection for goodness of fit is by the AIC. Table 5 above reports the findings of the cointegration tests. There is evidence of cointegration between factor productivity variables and three investment indicators (foreign, private and public investments). It is interesting to note that, the domestic investment variable and factor productivity variables were not overwhelmingly integrated due to the presence of level stationarity in a key variable (domestic investment). Hence, while domestic investment and factor productivity variables (which have not been objects of any cointegration tests) will only be subject to short-run causality analysis, the other 'investment-factor productivity' pairs will be object of both short-term and long-run causality analysis. Table 6 below presents the results of the causality analysis. While the VECM is specified in level equations, Granger causality is in first difference representation. Optimal lag selection for goodness of fit in the VAR models is ensured by the AIC with three maximum lags. The F-statistics is for the joint significance of lagged values of independent variables.
Panel causality analysis
The Error Correction Terms (ECTs) represent short-run adjustments to the cointegration (long-run) relationships. Note should be taken of the fact that, physical capital is used as a control variable for robustness check in order to control for the 'physical capital-led investment hypothesis (nexus)'. 
Discussion of results, policy implications, caveats and future directions
From the cointegration results, it could be observed that but for domestic investment; there are long-term equilibriums between population growth and other forms of investments.
This implies permanent demographic changes affect permanent changes in investment dynamics and vice-versa. However, the correlation does not imply causation. A detailed analysis of short-run dynamics corresponding to the long-run equilibriums (cointegrating relationships) reveal a significant positive causal linkage from population growth to only public investment. This positive sign of the ECT is not unexpected. A broader interpretation of the long-term elasticity follows: a 1% change in population growth will lead to 0.3% change in per capita public investment. If public investment is considered as a transmission channel to economic growth, then this result is consistent with the population-growth led economic-growth nexus (Hondroyiannis & Papapetrou, 2005; Azomahou & Mishra, 2008) .
Granger causality flowing from population growth to foreign investment in the shortrun is in line with the predictions of economic theory. An increase in population has the tendency to induce positive expectations from entrepreneurs as they turn to believe certain investments will be profitable; either by means of higher demand for commodities or cheap labour supply. With this optimism, investment and unemployment correspondingly increases and decreases respectively. This optimism is merely relative to foreign investment. It is also interesting to broadly infer that, the overwhelming absence of Granger causality flowing from population to other forms of investment is also consistent with the predictions of economic theory which stipulate that, population growth affects economic growth only in the long-run.
This inference is based on the assumption that, the other investment dynamics are exogenous to economic prosperity.
The robustness checks have aimed to assess the causal link flowing from physical capital to aggregate investment dynamics. The interest of this side of analysis is to control for the 'physical-capital led investment' nexus. From a short-run perspective, but for the significance of the relationship with domestic investment, other insignificant results were expected. Regarding adjustments to the long-run equilibrium, but for public investment (that is significant with an unexpected negative sign), the remaining ECTs (short-run dynamics) are significantly positive. This is sound empirical justification of or robustness to the 'physicalcapital' led investment nexus.
One important finding of this work worth emphasizing is that, in the long-run population growth would only deplete public finance through increasing public investments.
Therefore, demographic policies in sampled countries should be focused towards family planning and birth control. These would ensure that human capital variations through demographic change grow concurrently with the public investments necessary to accommodate the rising unemployment. A corollary to this implication invites the speedingup of the privatization process in sampled countries; so that, increasing long-term unemployment (arising from population growth) should be accommodated with the corresponding private sector investments. In other words, governments would still play a crucial role in economic investment in a distant future if measures are not taken to either: (1) address existing trends of rising demographic change or; (2) encourage a positive investment climate and ease of doing business that will provide incentives for private and foreign investments.
As observed in the literature section, with structural adjustment policies (of liberalization, privatization and meandering towards market-based-economies imposed by the World Bank and International Monetary Fund on most sampled African countries), we expected a significant positive long-run causality to flow from population growth to foreign and private investments on the one hand, and less positive correlations with public investments on the other hand. This implies, much still has to be done to attract foreign and private investors. Moreover, public spending would still play a great role in economic investments in the future. Consequently, from a population growth standpoint, it could be inferred that, structural adjustments policies implemented by sampled countries may not have the desired investment effects in the long-term.
To the best of our knowledge, the absence of literature dedicated to examining the bearing of demographic change on investment dynamics makes our results less comparable.
However our findings are broadly consistent with the need for other forms of investments documented in the African business literature (Rolfe & Woodward, 2004; Alagidede, 2008; Bartels et al., 2009; Tuomi , 2011; Kolstad & Wiig, 2011; Darley, 2012; Asongu, 2012c) . In this paper, we have only considered demographic determinants of investment. But in the real world, investment is endogenous to a complex set of variables. From a wider perspective, the link between population growth and investment is an essential part of a certain broader phenomenon. It is scarcely possible to conceive this linkage as occurring in isolation because; they are intimately bound with other factors (like technological change and progress in health care). Hence, it would be interesting to replicate the analysis in a multivariate VAR context.
Another interesting future research direction could be to assess whether the findings apply to country-specific cases. Moreover, another future research direction could entail analyzing the human capital factor in productivity from an age-dynamic perspective, so that a better account of investment-factor productivity (with respect to age-structured work-force is brought to light). Our analysis is entirely limited to the quantity of labour force. However, we believe a parallel analysis based on the quality of labour force with parameters like health and type of secondary education (amongst others), could provide more insights into this phenomenon.
Measuring skills would be quit challenging, so we recommend Lall (1990) for a unique opportunity to provide first-hand account by building a proxy using school attainments at the primary and secondary levels or any other proxy in future analysis.
Conclusion
Our generation is experiencing the greatest demographic transition and Africa is at the center of it. There is mounting concern over corresponding rising unemployment and depleting per capita income. We have examined the issues in this paper from a long-run perspective by assessing the relationships among population growth and a plethora of investment dynamics: public, private, foreign and domestic investments. Using asymmetric panels from 38 countries with data spanning from 1977 to 2007, our findings have revealed a long-run positive causal linkage from population growth to only public investment. But for domestic investment, permanent fluctuations in human capital affect permanent changes in other forms of investments. Robustness checks on corresponding short-run Granger causality analysis and the long-run 'physical capital led investment' nexus have been consistent with the predictions of economic theory. As a policy implication, population growth may strangle only public finances in the long-run. Hence, the need for measures that encourage family planning and create a conducive investment climate (and ease of doing business) for private and foreign investments. Seemingly, structural adjustments policies implemented by sampled countries may not have the desired investment effects in the distant future.
